Reaction of 4,5,6,7-tetrahydrobenzofuran derivatives, model compounds of furanoeremophilanes, with p-dimethylaminobenzaldehyde (Ehrlich's reagent) under acidic conditions was studied both on TLC and in a flask. 4-Hydroxy, 4-methoxy, and 4-acetoxy derivatives showed a pink/purple color, while 7-hydroxy, 7-methoxy, and 7-acetoxy derivatives showed a dark green color. The reaction of a 4-oxo derivative was slow showing an orange color on TLC. 7-Oxo derivatives and benzofuran were negative to Ehrlich's test. It was shown that an intermediate cation corresponding to the pink color was generated from both 4-and 7-substituted derivatives except for the oxo-derivatives.
Despite its long history and usefulness, a basic study of Ehrlich's test on furanoeremophilanes has been reported by us only very recently [7] . We studied the reactions of natural furanoeremophilanes or synthetic analogues (2 as the general structure) to show that the colored species is the intermediate cation 3. The concentration of the cation was found to be very low, and the major final product was the 2:1 adduct 4 (Scheme 1). It is empirically known that the color depends on the substituent, for example, the color of most furanoeremophilanes, such as petasalbin (5a) [2d], is pink while that of ligularone (5b) [2d] is orange.
However, no reports describe the relationship between the substituents and the color.
The aim of the present study is to clarify the effect of substituent on the difference in color, which will give us more information on the structure without isolation of the compound.
In the present study, 4,5,6,7-tetrahydrobenzofuran derivatives were used as synthetic model compounds of furanoeremophilanes. Since the color of Ehrlich's reaction is expected to be influenced by the substituent at the position adjacent to the furan ring, two types of compounds, 4-substituted (6-10) and 7-substituted-4,5,6,7-tetrahydrobenzofurans (11) (12) (13) (14) were prepared. The former and the latter are model compounds of 6-and 9-oxygenated furanoeremophilanes, respectively. Compound 6 was prepared via the Feist-Benary method from 1,3-cyclohexanedione, as previously described [7, 8] , and 11 was prepared similarly from 1,2-cyclohexanedione [9] . Reduction of 6 and 11 with LiAlH 4 afforded 7 [7] and 12 [9] , respectively, from which 8 [10] , 9, 10, 13 and 14 were obtained via an etherification [7] or an acetylation.
Ehrlich's test of these compounds was carried out on TLC and the results are listed in Table 1 . Four compounds 7-10 showed the same pink color, which slowly changed to purple. No difference in color based on the substituent was observed between these four compounds. The pink color was the same as most furanoeremophilane compounds including petasalbin (5a) and non-substituted furanoeremophilane (5c), both of which were obtained from Petasites japonicus var. giganteus (Compositae) [7, 11] . In contrast, the color was dark green for the compounds having oxygen functionality at the 7-position (12-14). For compounds having a ketone conjugated to the furan ring, the reaction was very slow to show an orange color for 6, while no color reaction was obtained from the 7-oxo derivative 11. Since Ehrlich's reaction is an electrophilic substitution on the furan ring, the results are easily understood by the fact that the furan ring of 6 and 11 is electron-deficient. Benzofuran (15) was also studied as a model compound of cacalol (16) [12] , however the result was negative, while cacalol showed a dark blue color after 1 day. The reaction was also carried out in flask, by mixing three ethanolic solutions; substrate, 1, and HCl (molar ratio of the substrate and 1 was 2:3; see Experimental section for details). Reaction mixtures obtained from 7-10 showed pink coloration at room temperature, which was consistent with the observation on TLC. Coloration of the solutions of 12-14 was faster than that of 7-10 showing a dark green to black color. An interesting reactivity difference was observed for these compounds; namely, the reaction was relatively faster for 13 and slower for 14. Compound 6 showed no color under the same reaction conditions, however the solution became light yellow by treatment with 6 M HCl. For compounds 11 and 15, no reaction was observed after heating with concentrated HCl for several days.
Visible spectra of these solutions were then measured. Major peaks of each compound 6 h after addition of Ehrlich's reagent are described in Table 1 . The spectra of 7 and 12 are shown in Figures 1 and 2 , respectively. Three peaks were observed at 558, 522 (A = 0.26), and ca. 490 nm for compound 7 ( Figure 1 ). These absorptions correspond to the pink color, since observed color is complementary. Compounds 8-10 showed almost the same spectra, which indicate that the difference in wavelength based on the substituent is very small. These results are consistent with the observation on TLC.
Compound 12 also showed similar absorptions in the same region (450-600 nm), however stronger peaks were observed at 700-850 nm (Figure 2 ). The dark green color must be the result of the combination of these absorptions. The absorption obtained by the reaction of conjugated compound 6 was observed at 440 nm. These results indicate that the absorption at 450-600 nm, corresponding to the pink color, is common to all the Ehrlich-positive compounds. This is supported by the fact that non-substituted furanoeremophilane (5c) also showed the same pink color on TLC. The green color observed for compounds having oxygen functionality at 7-position is probably due to some related species other than carbocation 3. We previously isolated the 2:1 adduct 4 (X = OEt at 4-position of the tetrahydrobenzofuran) after a 1 day reaction of 7 and 1 [7] . Following this, we tried to isolate the product of the reaction of 12. However, only a tarry complex mixture was obtained and the structure of the green-colored species could not be specified. Monitoring the visible spectra of 12 and 14, it was found that the absorption at ca. 720 nm increased together with the signal at 450-600 nm, while the increase in absorption at ca. 800 nm was delayed. This indicates that the two major signals, 720 and 800 nm, originated from different compounds.
In conclusion, color differences in Ehrlich's test based on the substituents was clarified. The color obtained from 4-oxygenated tetrahydrobenzofurans was pink, while that from 7-oxygenated compounds was green. The reaction of conjugated compounds was slow, giving an orange color from a 4-oxo derivative. The absorption corresponding to the pink color was found to be common to all tetrahydrobenzofurans except for conjugated substrates. Although Ehrlich's test is not an all-round method, the present finding will be useful for quick searches for natural furanosesquiterpenes, especially 9-oxygenated furanoeremophilanes that would be detected easily by the difference in color.
Experimental
UV-visible spectra were obtained on a Jasco Ubest-50 spectrometer. IR spectra were recorded on a Jasco FT/IR-230 spectrometer. Both 1 H and 13 C NMR spectra were measured on a Jeol GSX-400 (400 MHz for 1 H; 100 MHz for 13 C) spectrometer in CDCl 3 as the solvent. Chemical shifts were recorded on the δ scale (ppm) with tetramethylsilane as an internal standard. For 13 C NMR, the signal of the solvent (CDCl 3 = 77.00) was used as the reference. Both low-resolution mass spectra (MS) and high-resolution mass spectra (HRMS) were obtained on a Jeol SX-102A or Shimadzu GCMS-QP5050 mass spectrometer with the EI method. Analytical TLC was done on precoated TLC plates (Kieselgel 60 F254, layer thickness 0.2 mm). Wakogel C-200 was used for column chromatography.
Preparation of the substrates: Compounds 6, 7 [7, 8] , and 11, 12 [9] were prepared according to the known procedure. Methoxy derivatives 8 [10] and 13 were obtained from 7 and 12, in 68 and 21% yields, respectively, by the etherification reaction described previously (MeOH, HCl) [7] . Acetylation of 7 and 12 was carried out by a standard method (acetic anhydride in pyridine) giving 10 and 14, in 55 and 42% yields, respectively. 
Ehrlich's test on TLC:
The alcoholic solution of each compound was spotted to TLC, and the plate was dipped in a 1% solution of p-dimethylaminobenzaldehyde in ethanol. The plate was dried, and then dipped in a 1M ethanolic solution of hydrochloric acid, which was prepared by diluting commercial concentrated HCl (12M) with ethanol. After drying again, the resultant color was recorded.
Ehrlich's reaction in flask:
The reaction mixture was prepared by mixing 0.1 M solution of substrate in ethanol, 1% solution of p-dimethylaminobenzaldehyde in ethanol, and the above 1M ethanolic solution of HCl in 1:3:1 ratio in volume. The reaction mixture was kept at room temperature, and visible spectra of these solutions were measured without further treatment. For the reaction of 6, 11, and 15, 6M HCl was used instead of a 1M solution, and the reaction mixture was heated to 40 o C for 11 h.
